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We consider the exclusive decays B — > D^*> lv and study the effect of non V — A structures on the 
observables. We extend the standard model hadronic current by additional right-handed vector as 
well as left- and right-handed scalar and tensor contributions and calculate the decay rates including 
the perturbative corrections up to order a s . Using the data of the exclusive semileptonic b —¥ c 
decays and recent calculations of the form factors at the non-recoil point we discuss the constraints 
to the wrong helicity admixtures in the hadronic current. 
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I. INTRODUCTION 

The V — A structure of the charged currents is con- 
sidered a firmly established fact in weak interaction 
physics. The evidence for V — A is very strong for 
the leptonic couplings, e.g. by the measurement of 
the Michel parameters of the muon decay. However, 
this is not as clear for the hadronic currents due to 
our inability to perform a precise calculation of the 
hadronic matrix elements. Consequently, it is hard to 
exclude admixtures of different helicities in hadronic 
charged currents. 

Over the last ten years, heavy-quark symmetries be- 
came a very useful tool in the calculation of hadronic 
matrix elements involving heavy quarks. In particu- 
lar, they may help to perform the analogue of a Michel 
parameter analysis for the hadronic charged currents. 
Making use of the detailed data from the flavor facto- 
ries the semileptonic heavy quark decays may serve as 
a sensitive test for possible "wrong-helicity" contribu- 
tions. 

In a recent analysis we extracted limits on a right 
handed admixture from the wealth of data on inclu- 
sive semileptonic decays [lj . Despite the large amount 
of data for the inclusive semileptonic decays and the 
precise theoretical tools, it turns out that the exclu- 
sive decays B D^Hv can be much more sensitive to 
wrong helicity admixtures than the inclusive decays. 

In this paper we expand on this idea, including 
also scalar and tensor components for the hadronic 
current. The method we propose can be most eas- 
ily explained in the Isgur-Wise limit for the decays 
B — > D^lv, where only a single form factor appears, 
of which the normalization is known. Starting from 
this limit, the corrections may be considered and the 
method can be systematically improved. 
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Beyond the Isgur-Wise limit a large number of form 
factors appears, most of which are not well studied. 
However, based on the detailed analysis of the vector 
and axial- vector form factors through lattice and QCD 
sum rule calculations one may perform a stringent test 
at least for a possible right-handed admixture. 

The paper is organized as follows. In the next sec- 
tion we study a possible new physics (NP) contribu- 
tion in the Isgur-Wise limit to demonstrate how the 
proposed method works. After that we will calculate 
the corresponding radiative corrections, followed by 
a section dealing with the calculation of bounds on 
right-handed admixtures regarding the contemporary 
experimental results as well as lattice and non-lattice 
calculations to be able to provide a comparison to the 
standard model (SM) results. Finally we discuss our 
results and give a prospect into possible additional 
measurements . 



II. NEW PHYSICS CONTRIBUTIONS IN 
THE ISGUR-WISE LIMIT 

As has been pointed out above, the V — A struc- 
ture of the leptonic current is well established and 
hence we do not modify this current. However, the 
hadronic current may contain a contribution from 
"new physics" and hence the effective Hamiltonian to 
be considered is 



H. 



efit : 



AGfVcI 

V2 



(1) 



where Jh.p. is the generalized hadronic current and 
Pl,r = (lT75)/2 is the projector of negative/positive 
chirality. The modifications in the hadronic current 
can be considered on the basis of an effective field 
theory approach and one obtains (see eg. (2j) 



+ g L c (iD^j P L b + g R c (iS M ) P R b 

+ d L id»(cia^P L b) + d R id u (ci<T^P R b), (2) 



,Pnb 



where D„ is the QCD covariant derivative and 

fD^g = f(D^g) - (D^f)g represents the left and 
right derivatives. Note that the first line in ([2]) 
corresponds to dimension-3 operators with dimen- 
sionless couplings cl and c R , while the second and 
third lines are dimension-4 operators with dimcnsion- 
ful couplings gL/R and d^/n. There are two other 
dimension-4 operator of the form (m b + m c )c r y^b and 
(m b — m c )c7 At 756, which are related by the Gordon 
identities 

_ <-> 
(m b + m c )c7 AI 6 = ciD^b 

+id v (ci-ia^b) , (3) 

-(mb ~ m^c-ft+j b = ciD^-f b 

+id v (c(-ia^h 5 b) . (4) 

Hence these operators are redundant and do not need 
to be considered seperately as it has been done in Q. 
Likewise, the pseudotcnsor is not independent of the 
tensor due to the relation 



jC<7 



(5) 



but it is convenient to keep this operator explicitely. 

From the effective field theory analysis performed 
in Q all these operators originate from dimension-6 
operators parametrizing physics beyond the standard 
model. From this one obtains 



LSM ' 



O 



A 2 



gL/R, d L / R 



CR 
1 



O 



v 

A 2 



-O 



(0) 



where A is the scale of "new physics" and v is the 
electroweak vacuum expectation value. 

We shall use this hadronic current to evaluate the 
semileptonic widths for B — » D^-*>lv. We first study 
the Isgur-Wise limit where the relevant kinematic 
quantity is the product of the four velocities of the 
initial and final state hadrons 



v ■ v 



"DM 



2mBm D { 



(J) 



where q 2 = (p — p') 2 , and p and p' refer to the four- 
momenta of the B and mesons, respectively. The 
differential exclusive decay rates for the D and D* 
mesons can as usual be expressed in terms of the 
hadronic form factors Q(w) and .F(w)> respectively. 
Thus the differential decay rates read 



^ = G (w)\V cb \ 
aw w 



2 " V + rflSMI 2 , (8) 



dT* 
dw 



= G* (w)\V cb \ 2 \F(w)\ 2 , 



where we defined the factors 



G F m% 3 



yw 2 



i(w + iy 



(9) 



(10) 
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containing the kinematical and normalization co- 
efficients to streamline the notation and ru\ = 
m D (,) /tub- The form factors J~(w) and G(w) are 
related to matrix elements of the hadronic current, 
which in our case also contains the new physics effects 
represented by the couplings c R , d^/ R and gL/R- 

The Isgur-Wise limit is taken by letting m b , m c — > 
oo with m c /m b ~ 0(1). In this case both the charm 
and the bottom quark in the hadronic current have to 
be replaced by static quarks /v,c and h Vtb ; to leading 
order, the hadronic current matches onto 

Jh,n = c.L,h v i ,c7ju-P£?V& + c R h v > yC j,j,P R h Vrb 
+gL{m b v tJi + m c v'^)h v , tC P L h Vjb 
+gR(m b v f _ l + m c v'^)h v ^ c P R h v , b 
+d L (m b v" - ■m c v' u )(h v ^ c i(j^P L h v , b ) 
+d R (m b v" - ■m c v w )(h v ^ c i<J tIiV P R h v ^),(ll) 



and all the relevant matrix element can be expressed 
in terms of the Isgur-Wise function £(w) which 
is normalized to £(1) = 1 at zero recoil 



(D{v')\h vltC h v , b \B(v)) 
^fmBmD 
(D(v')\h v ,, c ^h v , b \B(v)) 

(D{v')\h v ,^h V}b \B{v)} 
for the B —> D Iv decay and 



{l + w)£(w), (12) 
(v + v'yt;(w), (13) 

v' u v^(w), (14) 



(D*(v',e)\h v ,^ 5 h v , b \B(v)) 
(D*(v',e)\h v ,, c ^h v , b \B(v)) 



yJm B m D , 
(D*(v',e)\h v >, c ^75h v , b \B(v)) 
^/m B m D , 
(D*(v',e)\h v ,, c a^h v , b \B(v)) 
y/niBmo' 



(e* • v)£(w) , 



= is 



[(l+toje*" + v>*(ve*)}£(w) 
e» VKT e* K (v' + vU(w) . 



(15) 
(16) 
(17) 
(18) 
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for the B — > D*iv decay. The decay rate for the 
semileptonic B — > D^*'£u decays in the Isgur-Wise 
limit can thus be expressed solely in terms of the Isgur 
Wise function, even in the presence of "new physics" . 
The form factors become 



w + 1 



r (l + r)-MH|eH| 2 , (19) 
\F(w)\ 2 = (B T (w) + B L (w))\Z(w)\ 2 , (20) 

where we have separated the rate for B — >• D* into 
the contributions for longitudinally and transversely 
polarized D* mesons. Hence we end up with 



dr 



dw 
dw 

dT B^Dltu 

dw 

dT B^D'lu 

dw 



= G (w)\V cb \ 2 A(wMw)\ 2 , (21) 

= G* (w)\V cb \ 2 B T (wMw)f , (22) 

= G* (w)\V cb \ 2 B L (wM(w)\ 2 , (23) 

= Gl(w)\V cb \ 2 

x [B T (w)+B L (w)} |CH| 2 , (24) 



where the coefficient functions A(w), B T and B L con- 
tain the dependence on the new physics couplings. 

A(w) = — — -\c+(l +r) - m B d + (r 2 - 2rw + 1) 
w + 1 

+2m B rg + (w + I)] 2 , (25) 
B T {w) = 2[1 - 2r.«w + (r*) 2 ]{[c_ + d_m fl (r, - l)] 2 

+ ^j[c + + rf + m B (r„ + l)] 2 } , (26) 
w + 1 J 

6 L (w) = |c_(r* - 1) + 2g-m B r*(w - 1) 

+d_m B [(r >t ) 2 -2r^ + l]| , (27) 

where we define the combinations of coupling con- 
stants 



c± = (cj, ± c fl ), <f± = (d L ± d B ), 
ff± = {9l±9r)- 



(28) 



The expressions of the standard model are retrieved 
by setting c± = 1 and all other couplings zero, and we 
recover the standard model case as 



-4smM = ^— \{l + rf , (29) 
w + 1 

#smH = ~~T"T I 1 - 2r * w + r *l . ( 3 °) 
w + 1 



#smM = (r, - 1)' 



In the context of the extraction of | V c b | from exclusive 
decays the measured w spectrum is extrapolated to 



dw G Asm(w) 

dT B^D' T lv j j 



w = 1 and hence one studies the observables 

dr s ^ te i i 

M (to) 
M*(iu) 



dw G* B^ M {w) ' 

d^L G*B^ M (w) ' 
rfT B ^ D *^ 1 1 



dw G* B£ M (w) + B£ M (w) 



(32) 
(33) 
(34) 
(35) 



These observables become in the standard model in 
all three cases just |Vd>| 2 |£(«;)| 2 . Extrapolating M(w) 
and/or M*(w) to the zero-recoil point w — 1 and mak- 
ing use of the normalization of the Isgur Wise func- 
tion allows us to extract \V c b\ model independently. 
Expanding around w — 1 and using 



£H = e(i) [i - p 2 w (^ -!) + •• 



(36) 



we may also obtain information on the slope of the 
Isgur-Wise function by performing the corresponding 
expansion of the expressions (|3"2"|) - (|3"5j) . In the stan- 
dard model we obtain: 



2 

Piw 



1 


dM(w) 




2M(1) 


dw 


w= 


1 


dM^(w) 


2M*(1) 


dw 




1 


dMl(w) 


2M£(1) 


dw 




1 


dM*{w) 


2M*(1) 


dw 





w—1 



W — l 



(37) 



However, the presence of the new physics contribu- 
tions will change these relation and allows us to re- 
interpret the measured observables in terms of a pos- 
sible "new physics" contribution. In fact, inserting 
the general expressions into (|3"2"T) - (|3"5")) . we get 



M(w) 
M£(w) 
M* L (w) 
M*{w) 



A(w) 
A S m(w) 
B T (w) 

B L (w) 



\v cb nH\ 2 , 
v cb \ 2 \an\ 2 , 



SM 

B T (w) +B l (w) 



At the zero-recoil point w = 1 this becomes 

(r- l) 2 



(38) 
(39) 
(40) 
(41) 



M(l) 



I^>| 2 |£(1)| 2 



-4m B g + - 



m B c?^ 



1 



r + 1 

|2|/-/i \|2 



(42) 



Afr(l) - \V cb \ 2 m)\ 2 [c- + (r* - l)m B d_]" 

= M£(1)=M*(1) , (43) 



3 



leading to 



1 



dM{w) 



2M(1) dw 



2 

Ptw 



w—l 

2rm,B{d+ 



9+) 



rriBd + {r — l) 2 — (r + l)c+ — 4rm^ff+ ' 
1 dM£{w) 

w — l 

c+ + (r* + l)m B ± 



2M£(1) <9w 



2 1 



1 - 



c_ + (r* — l)m,Bd- 



dM* L {w) 



2Mjt(l) 9 



2 



1 

2M*(1) 
1 

+ 6 



tw— i 

2r*ms(rf_ — d_) 
(r»-l)(c_ + (r»-l)d_) : 
3Af*(w) 



(44) 



,(45) 



(46) 



2 

PlW 



1 



+ 



w—l 

c+ + d + m B {i\ + 1) 
c_ + d-niB{r* — 1) 
Am B r*(d- - g_) 
(r* - l)[c_ + d-m B {r* - 1)] 



(47) 



when we calculate the slopes. Note that the cur- 
rent analyses are performed for the total B — > D* I v 
rate without the decomposition into longitudinal and 
transversal polarizations. 



and the axial vector 07^756 are both conserved in the 
massless lepton limit and hence do not have an anoma- 
lous dimension. The dimension-4 operators 



ciD fjj 



C PS = ciD^b , 



(48) 
(49) 
(50) 
(51) 



mix under renomalization and also have anomalous 
dimensions Q. Note that O t and C PT are not in- 
dependent due to the relation 07^75 = \^^ va fi^ a ^ ■ 
However, for our purposes it is useful to keep both 
operators. 

Gathering the four operators and the coupling con- 
stants in columns 



G(/x) 



( o s (m) \ 

O ps (m) 

5ps(m) 
Spt(m) 



/9l(p) + 9b{^Y 
9n{fj) ~ 9l{ij) 
^l(m) + d R (n) 

\d R {p) - d L (p)j 



(52) 



we can write the hadronic current ([2]) as 



III. RADIATIVE CORRECTIONS 

Up to this point we have been relying on the Isgur- 
Wise limit. However, from lattice as well as from QCD 
sum rule studies we know that the relations obtained 
in the infinite mass limit may have corrections of the 
order of ten percent, making a sensitive test on the 
basis of the formulae in the last section impossible. 

The first class of corrections are the perturbative 
QCD corrections which break the Isgur Wise symme- 
try. The dimension-3 operators, i.e. the vector crf^b 



J h ,n = c L c ltl P L b + c R C7 m Pr6 + G(fi) ■ 0(p) . (53) 

The one-loop anomalous dimension matrix can be 
calculated and becomes 



4ir 



/6 4 0\ 

6 4 

2 

\0 2/ 



(54) 



and the solution of the renormalization group equa- 
tion can be written as 



/ gain) \ 

Sps(p) 
5t(m) I 
Wt(m)/ 



(.9t(A) - 
\(.9pt(A) 



9s( 



5ps(A) 
5s(A) ' 
-ffs(A) 



(A) 



(m) 

»(A) 

Ap) 



00 

- 1 



(a 



(55) 



°7 



Note that his result is compatible with the Gordon 
Identities @ and (U]). The left hand side of these 
identities only have the anomalous dimension of the 
masses 

d 

M^ to (m) = m{p)lm(a a \p)) (56) 



with 7 m = 6a s Ci?/(47r) and hence we may check 



lm(m b + m c )cj^b = 7 








605 

47T 



ciD^b + id" (c(-i(Xa V )b) (57) 



does not. We choose to use O s and PS , which have 
nonvanishing matrix elements at w = 1, 



c(p c = m c v) 



ciD^b 



b(p b = m b v) 



v^u c (v)u b (v) (m b + m c )r] S (p) , 

c(p c = m c v) ciDyrt b b(p b = m b v)) 
Uc^s^Ubiv) (m b - m c )r) PS (Li) • 



(61) 



(62) 



and likewise for the axial vector. 

The \i dependence of the operators has to be can- 
celled by the corresponding dependence of the matrix 
elements of the operators. Here we focus on the ma- 
trix elements at the specific kinematic point v — v' or 
w = 1. At this point, all possible Dirac structures can 
be expressed in terms of the four matrices @ 

1 = 5(1 + i>)> -V = j(l + ^75(1 + f) (58) 
with v ■ s = 0. To this end, we can write 

(c(p c = m c v)\c'j ti b\b(p b = m b v)) 

= Vv v ^ c (v)u b (v) , (59) 
(c(p c = m c v^ I c , y^ / y5??| b{jp b = m b v)) 

= r] A u c (v)s^u b (v) , (60) 

while out of the dimension-4 operators we have a priori 
four additional matrix elements. The matrix element 
of O t vanishes at non-recoil, while the one of C PT 

I 

The matrix elements of the vector and axial- vector currents are known at two-loops in the full phase space, 
while the matrix elements of the dimension-4 currents are calculated here only at the non-recoil point w = 1. 
The result is 



The matrix element of the nonvanishing pseudotensor 
operator C PT can according to the Gordon identity 
Q be expressed through the axial vector times (m b — 
m c ) masses in the corresponding MS scheme. Thus it 
can be expressed by 

(c(p c = m c v) \id u (c(-icr^ l/ )7 5 6)| b(p b = m b v)) 

= u c (v)s^,u h {v) (m b - m c )»/p T (/i) (63) 
= -(nib - m c )(r] A + rjp S ) u c (w)s p u fc (w) . (64) 



VA 
?7pt(m) 



—Of 

47T 

a s 

—Of 

47T 



m & + m c m b 
-8 + 3 log — 

m b — m c Tfic 

m 6 + m c m b 
-6 + 3 log — 



Pis 
47T 



C F 



3 log 



m b - m c 

(—) 



„rnl+m 2 mb 
6— 2 log 

mi — mi m c 
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47T 



-C f 



-2 log 



m b m c 



47T 



C F 



-log 


( " 2 ) 




\m b m c J 



m b + m c m b 

2 log < 

m b — m c m c 

m b + m c m b 
4 log — 

m b — m c m c 



(65) 
(66) 

(67) 

(68) 
(69) 



Note that the difference in |?7ps + T]x\ 7^ I^ptI in 
(|64|) is due to the a s pieces of the MS masses. It 
is easy to check that the fi dependence cancels be- 
tween the matrix elements and the Wilson coefficients 
in the order a s . However, the renormalization group 
flow rcsumms potentially large logarithms of the form 
(a s /ir) n ln n (A 2 / li 2 ) and hence there will be a residual 
fj, dependence. Looking at the structure of the matrix 
element coefficients T]x(jt), X e {A, V, S, PS, PT}, 
of the dimension four operators, a natural choice is 
liq = m b m c and hence we insert this scale for our nu- 
merical study. This includes that the couplings gen- 
erated at some high scale A have to be evolved down 
to this small scale. 

Numerically we obtain using the values m b = 
4.2 GeV, m c = 1.3 GeV (and thus ^0 ~ 2.34 GeV), 



and C F = 4/3 as well as a s (/x ) « 0.281 [7j for N f = 3 



Vv ? 


s 1 


+ 0.0713 a s f 


a 1.02 , 


(70a) 


Va - 


3 1 


~ 0.1409 a s f 


« 0.96 , 


(70b) 


Vs(fMy) p 


3 1 


- 0.1562a s f 


« 0.96 , 


(70c) 


VpsM s 


3 


+ 0.0476 a s f 


« 0.01 , 


(70d) 




3 1 


+ 0.0951 a s f 


« 1.03 . 


(70e) 



Comparing the results for the vector and axial vector 
coefficients Eqs. (|70a[) and (|70bl) . respectively, with 
the form factors £7(1) and .F(l) from lattice or non- 
lattice calculations, as discussed in more detail in the 
next section, the results from our calculation can be 
assumed as a first approximation for these form fac- 
tors. Following the same line the results Eqs. (|70cp ~ 
(|70cl) can be considered as first approximations for 
scalar, pseudoscalar and pseudotensor form factors 



5 



values at the non-recoil point. 



IV. CONSTRAINTS ON RIGHT-HANDED 
ADMIXTURES 

In this section we shall discuss the bounds on pos- 
sible admixtures to the standard model current. In 
contrast to section [II] we will perform the analysis not 
in the Isgur-Wise Limit, and hence we have to deal 
with the form factor values at zero recoil. From lat- 
tice simulations as well as from QCD sum rules we 
know the normalizations for the vector- and the axial- 
vector form factors, and hence we can - off the Isgur 
Wise limit - only study a possible right-handed admix- 
ture to the weak hadronic currents, which shows up 
to be the best candidate for sizable contributions 
To be able to extract the strength of the right-handed 
admixture in the weak currents of exclusive decays, 
we start from the exclusive differential decay rates © 
and © of the D and D* mesons, respectively. All 
information about the right-handed admixture is con- 
tained in the form factors T(w) and G(w). Like for the 
Isgur-Wise function £ (w) we may extrapolate the form 
factors to the point w = 1 and perform an expansion 
around this point to express the value for any other 
robya small correction of order Aqcd / m Q i where we 
use rriQ generically for toj, or m c respectively. The 
form factors ^{w) and G(w) can be expanded as 

J-H=7-(l) 

x [l - p'l(w - 1) + c^w - if + . . . ] , (71) 

x [1 - p 2 {w - 1) + c(w - l) 2 + . . . 1 , (72) 



where the slopes 



P 



i dj(w) 



dw 

i dg( w ) 



Q{1) di 



(73) 
(74) 



w— 1 



describing the linear corrections as well as higher or- 
der corrections c and c* introducing a possible cor- 
rection induced by a non-zero curvature. Note that 
the slopes differ from pyw m the Isgur-Wise limit in- 
troduced in section UH since they include the contri- 
butions from the coefficient functions A(w) for the 
B -> D* decay and B T (w) and B L (w) for the B -» D 
decay respectively. Thus, if we evaluate the expan- 
sions (jTTj) and (f72|) up to the first order of magnitude, 
the whole information on the right-handed admixtures 
is contained in the slopes. Additionally we find the p 
and to differ from each other, such that we have 
the opportunity to calculate a constraint on the right- 
handed admixture by comparing the slopes of the two 
decay modes. For the B — > D*iv decay this implies 



2 



R\{\) 



I If- 



(75) 



where psm denotes the terms known from the standard 
model. In contrast to that the value for p concerning 
B —> D £ v is left untouched, since the axial vector 
component vanishes by parity reasons, as implied by 
(fT2"l) (|18p. Therefore we may set p = psm and obtain 



R\(l) 



(76) 



as a measure for the strength of the right-handed ad- 
mixture. Using the averaged results 

R x = 1.41 ± 0.049 , i? 2 = 0.844 ± 0.027 , (77) 
p 2 = 1.18 ± 0.06 , pi = 1.24 ± 0.04 , (78) 

from the Heavy Flavor Averaging Group [9J we obtain 



— = 0.90 ±0.09 , 



(79) 



as an estimate for the strength of the right-handed 
admixture. Note that we have not included any pos- 
sible correlations between the errors, but rather made 
a naive estimation of the error bars. 

Another constraint is given by the fact, that for the 
non recoil point w = 1 the B — > DiD transition is 
completely dominated by the vector current, while in 
contrast to that the B — > D*lv transition is propor- 
tional to the axial vector current. Thus, if we include a 
right-handed admixture, it is contained in the current 
experimental results [9J , such that we obtain 



c+|^ c6 |£(l) - (42.3 ±1.5) x HT 3 , 
c-\V cb \T(l) = (36.04 ±0.52) x 10" 3 



(80) 
(81) 

Using lattice data [Tol - [l2T| . 

= 1.074 ± 0.024, JYI) = 0.908 ± 0.017, (82) 

we find 

— =0.99 ±0.05, (83) 

c_ 

while a calculation using the non-lattice values [H|,[l4| 
g{l) = 1.02 ± 0.04, J-(l) = 0.86 ± 0.02, (84) 



gives us 



= 0.99 ±0.06, 



(85) 



which is in both cases compatible with the standard 
model value c+ /c_ = 1 . Again we have calculated the 
errors using the assumption, that no sizable correla- 
tions between the experimental measurements and the 
theoretical values occur. 



V. SUMMARY AND CONCLUSIONS 

While the left-handedness of the weak interaction 
is in good agreement with the data taken from purely 
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left-handed leptonic processes [15j,ll6| the situation for 
the hadronic interactions is still unclear. On general 
grounds one would not expect new physics to show up 
in a charged current interaction, but this may as well 
be a false prejudice. In this paper we have computed 
the effect of non-standard couplings for the exclusive 
semileptonic B — > D^Hv transition, which have been 
introduced in the same way we used for the inclu- 
sive semileptonic B — > X c lv decays in [2j using op- 
erators of higher dimensions using the most general 
possible parametrization. The corresponding dimen- 
sion six operators then allow new physics effects in 
charged currents in the hadronic current, while the 
leptonic current is left untouched. 

Applying the extended hadronic current including 
the standard left-handed coupling as well as the ad- 
ditional right-handed coupling and right- and left- 
handed vector and scalar couplings we have calculated 
the differential decay rates dT/dw in the Isgur-Wise 
limit. Therefore we have introduced new hadronic 
form factors corresponding to the Dirac-structure of 
the currents. The calculation of the differential de- 
cay rate also provides us with information about the 
slopes p and p* describing the deviation of the differ- 
ential rate from the zero recoil point at w = 1. 

The main corrections are the perturbative QCD ef- 
fects, which are sizable and have to be taken into ac- 
count. Due to the vanishing anomalous dimension of 
the left and the right handed currents the QCD ef- 
fects are finite for these currents; however, additional 
work is required to compute the virtual corrections 
to the scalar and tensor currents, which renormal- 



ize under QCD. Within this paper we have computed 
the vertex corrections for each occurring current up 
to one-loop order including new quark-quark-gluon- 
boson vertices stemming from the (pseudo) scalar com- 
ponents. Yet the unknown form factors normaliza- 
tions are still missing and have to be obtained by other 
methods in order to include these additional struc- 
turces, which however are believed to be surpressed. 

Comparing the calculated slopes using experimental 
as well as lattice and non-lattice data we have been 
able to calculate bounds on right handed admixtures. 
The comparison of the slopes for B — > D and B — » 
D* decays gives us the result c+/c_ = 0.90 ± 0.09 
using only experimental data. Furthermore we have 
used the opportunity to calculate by comparing the 
experimental results with lattice and non-lattice data. 
Here we obtain c + /c_ = 0.99 ± 0.05 for lattice and 
c+/c_ = 0.99 ± 0.06 for non-lattice data. Thus all 
results are in good agreement with each other and 
with the purely left-handed standard model current, 
where c + = c_ = I. 
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